Actually a crossover behavior is observed at thermal equilibrium with however a quasiabrupt shape indicating significant cooperative effects. These aspects are compared between the temperature-and photoinduced spin crossovers.
Out of equilibrium photoinduced switching from the low-spin (LS) to the highspin (HS) state has been investigated on the Iron(II) complex [Fe (II) (DPEA)(NCS) 2 ] by both optical reflectivity and magnetic measurements under continuous light irradiation at low temperature. The photoinduced HS state can be observed up to 47 K and the relaxation process has been followed. Structural changes of both the temperature-and the photoinduced spin state switching have been analyzed in detail by X-ray diffraction indicating no change of symmetry. Short intermolecular contacts and intramolecular deformations associated with the change of molecular spin state have been quantified.
Actually a crossover behavior is observed at thermal equilibrium with however a quasiabrupt shape indicating significant cooperative effects. These aspects are compared between the temperature-and photoinduced spin crossovers.
INTRODUCTION:
Spin crossover molecular compounds are of major interest in both condensed matter physics and chemistry as prototypes of cooperative molecular bistability related to the spin state change between high-spin (HS) and low-spin (LS) states and with potential applications in photo-switching of materials 1, 2 . In comparison with the behavior of spin crossover complexes in solution, in the solid state the molecular spin switching can be accompanied by feedback from intermolecular interactions. This manifests by a cooperative behavior and in some rare cases by a change of symmetry. Then, in case of isostructural changes, the switching at thermal equilibrium can occur through a first-order phase transition for large cooperative intermolecular interactions or through a crossover behavior for less cooperative ones. In other words, when there is no change of symmetry, 3 the physical picture is similar to the liquid-gas phase transition below or above the critical point in the (P, T) plane 3 . Thus the variation of the HS fraction, as a function of temperature T or pressure P, varies from gradual to abrupt with in this case a more or less wide hysteresis loop. Many theoretical works have addressed the origin of cooperativity in spin crossover materials in terms of elastic interactions as the molecular size changes depending on this spin state 4, 5, 6, 7, 8 . Besides equilibrium spin state change, the discovery of the Light-Induced Excited Spin State Trapping (LIESST) effect 9 on [Fe(ptz) 6 ](BF 4 ) 2 under continuous light irradiation at low temperature and the reverse-LIESST effect 10 have been particularly exciting. A long life time of the excited species, as this occurs at low temperature below the temperature T(LIESST) 11, 12 , is the crucial point to induce photo-switching under continuous light irradiation, so that it can be observed under weak excitation 1,2 , typically a few mW.cm -2 . It is much more recently that the effect of pulsed laser excitation started to be investigated 13 . In a similar way that at thermal equilibrium, such photoinduced molecular transformation manifests through dynamical phase transition or crossover 14, 15 Such a special situation has been recently reported for another iron (II) spin crossover complex and some very slow phase equilibrium has been recorded 24 .
The present paper is divided in three parts: the first one details the photoinduced effects evidenced by reflectivity and magnetic measurements. The kinetics of the relaxation has been also followed and the thermodynamic parameters have been determined. The second 5 part is devoted to structural studies for both the spin state change at thermal equilibrium (as a function of temperature) and out of equilibrium. In particular the nature of the photoinduced spin state change has been investigated. Then the third part is devoted to discussion: intermolecular interactions are evaluated at thermal equilibrium using a mean-field approach and the large similarities between equilibrium and out-ofequilibrium concerning the mechanisms of the spin state switching are presented. Finally, we propose two reasons for explaining the discrepancies between the observed low T(LIESST) value and the expected high one.
EXPERIMENTS:
The [Fe (II) (DPEA)(NCS) 2 ] complex was obtained according to a procedure previously reported 23 . All the crystals used were selected from the same batch.
For investigating the LIESST effect, the measurement of the diffuse absorption spectra and reflectivity signal were performed by using a custom-built set-up equipped with a SM240 spectrometer (Opton Laser International). This equipment allows recording both the absorption spectra within the range of 500 ` 900 nm at a given temperature and the temperature dependence (5 ` 290 K) of the reflectivity signal at a selected probe wavelength (here ! = 800 nm " 2.5 nm, a few mW.cm -2 ). The diffuse reflectance spectrum was calibrated with respect to charcoal activated (Merck) as black standard and barium sulfate (BaSO 4 , Din 5033, Merck) as white standard.
The photomagnetic measurements were performed using a Spectrum Physics Series 2025 Kr + laser (ë = 647 nm) or a laser diode (ë = 830 nm) coupled via an optical fiber to the cavity of a MPMS-55 Quantum Design SQUID magnetometer. The optical power at the 6 sample surface was adjusted to 5 mW cm`2, and the absence of change in magnetic response due to heating of the sample has been verified. Photomagnetic samples consisted of a thin layer of compound whose weight was obtained by comparison of the thermal spin crossover curve with that of a more accurately weighed sample of the same material. Our previously published standardized method for obtaining LIESST data was followed 11, 12 . After cooling slowly to 10 K the sample, then in the low-spin state, it was irradiated and the change in magnetism followed. Once the saturation point was reached the laser was switched off. The temperature was then raised at a rate of 0. light. In each case, when the established temperature was reached, as given in Figure 3 , the light irradiation was stopped and the relaxation into the low spin state was followed for several hours. The time dependency of the HS molar fraction, # HS (t), is deduced from molar magnetic susceptibility $ %$$ through Figure   3 . If we consider that at temperature higher than 40 K the influence of the zero-field splitting of the photo-induced HS state is negligible, the result that the starting HS molar fraction is lower than the unity can be reasonably explained by the competition between the photo-excitation and the relaxation processes which becomes faster as the temperature increases. As illustrated on Figure 3 with some selected kinetics, the HS molar fraction # HS clearly depends on temperature and experimental curves can be well fitted with a single-exponential law as: Nevertheless, the stacking axis c of the Fe (II) (DPEA)(NCS) 2 molecules increases around the temperature induced spin crossover from about 0.12 Å (Fig. 5) around the spin crossover temperature, being in direct relation to the intermolecular contacts. Indeed, a careful analysis of these contacts reveals different distances shorter than the sum of Van Der Waals Radii (Table 1) . Their number increases as the temperature decreases and the new short contacts have their highest component parallel to the c axis as illustrated on Fig. 7 . Thus, to avoid the steric constraints due to very short intermolecular distances, the c cell parameter increases in the course of the spin crossover process. Besides, by considering the intermolecular FeUFe distances (Fig. 8) , one can note than each of them from the first up to the fourth neighboring distances is characteristic of the spin state.
We discuss now the structural changes associated with the spin crossover from the Structural analysis at 18 K shows that the photoinduced HS state is similar to the thermal equilibrium HS one within the thermal contraction. Indeed either from the average unit-cell volume or from the first coordination sphere surrounding the Fe atom, the photoinduced state can be obtained starting from the high temperature HS state and considering a linear thermal contraction (Fig. 4 and 6 ). Such a situation has already been observed in other spin crossover systems, either mononuclear 34, 35 or binuclear ones 36 .
From the intermolecular point of view (Table 1 and Fig. 8 Let us first quantify the cooperativity of the system during temperature-induced spin crossover occurring at T 1/2 = 138 K, through a mean-field approach 37, 38 . 
#
. Figure 9 shows that a value of -2050 J.mol -1 (i.e. 164 cm -1 ) for the intermolecular interaction parameter is necessary for fitting the experimental data according to this mean-field approach. The critical point C is defined by 30, 35 .
CONCLUSION:
Spin state switching has been investigated in details in the Iron (II) complex 
